INTRODUCTION {#sec1-1}
============

The axillary approach to block the brachial plexus has been widely used to provide anaesthesia for surgery of the forearm and hand. Its benefits include simplicity, reliable efficacy and safety.\[[@ref1]\] However, its application may be difficult in patients with limited movement of the shoulder or arm, as in those with painful injuries.\[[@ref2]\] Also, with the standard single injection axillary block, reliable musculocutaneous nerve (MCN) and radial nerve anaesthesia is limited by anatomical conditions\[[@ref3]\] and success rates vary widely.

In 1995, Kilka and colleagues\[[@ref4]\] introduced the vertical infraclavicular block. Favourable characteristics of this approach are less painful arm positioning for patients with fractures, reliability of the technique on the identification of easily palpable landmarks (even in obese patients) and the single injection block is time efficient. This technique is also advantageous for catheter based techniques compared to axillary approach.\[[@ref2]\]

In our randomized controlled study, we compared a single injection vertical infraclavicular technique with a double injection axillary technique, for brachial plexus block in patients undergoing forearm and hand surgery using a combination of 2% lignocaine and 0.5% bupivacaine with the use of peripheral nerve stimulator (PNS).

METHODS {#sec1-2}
=======

After obtaining approval from the institutional ethical committee and written informed consent, 60 patients classified as American Society of Anaesthesiologists (ASA) Grade I or II of either sex aged between 18 and 75 years scheduled for forearm and hand surgery were included in this study. Unwilling patients, patients with history of allergy to local anaesthetics, infection at local site of block, history of convulsions, bleeding disorders, cardiac, respiratory, renal or liver ailment, sensory neuropathy or motor deficit in the arm on which surgery is to be performed were excluded from the study. The patients were then allocated to receive the block either by vertical infraclavicular (group I, *n*=30) or axillary approach (group A, *n*=30) by permuted block randomization. All blocks were given by a senior anaesthesiologist using 40 ml of drug (20 ml of 0.5% bupivacaine + 10 ml of 2% lignocaine + 10 ml normal saline).

Vertical infraclavicular plexus block was achieved with the patient placed in supine position with forearm relaxed on the chest and his head turned to opposite side. Following landmarks were marked: 1) Ventral acromion process of scapula 2) Jugular fossa. The puncture site was established exactly midway between the above two landmarks, caudal and in immediate proximity of the clavicle. Following cutaneous local anaesthesia with 1 ml of 2% Lignocaine, the insulated needle (Braun^®^ Stimuplex^®^ Melsungen, Germany; 50 mm and 22G) was advanced in a strictly vertical direction perpendicular to the operation table, rather than the patient\'s skin. Using PNS (Braun^®^ Stimuplex^®^, Melsungen, Germany; stimulation at 0.1 ms, ≤0.4 mA), nerve identification was done by observing an adequate motor response (flexion or extension at interphalengeal joints, wrist or elbow). Then, the total volume of drug was injected with repeated aspirations.

For the axillary approach we used a double injection technique in which the MCN was selectively stimulated in addition to any of the remaining three major nerves (median, ulnar and radial).The patient was placed in supine position with arm abducted at 90° and elbow flexed at 90°. The axillary artery was then palpated at the highest point in the axilla. After giving local anaesthesia, a 22 G insulated needle was attached to PNS using the same mode and current as in group I. First, the MCN was stimulated within the substance of coracobrachialis muscle observing arm flexion and 10 ml of the drug volume was injected to block it. Similarly, any one the major nerves (ulnar, median and radial) was stimulated within the axillary sheath as confirmed by the appropriate motor responses and the remaining volume (30 ml) of drug was injected.

Sensory evaluation was done by pin prick with a 23 G needle at an interval of 5, 10, 15, 20 and 30 minutes. The entire cutaneous innervation of upper limb i.e. musculocutaneous, radial, ulnar, median, medial cutaneous nerves of arm (MCNA) and forearm (MCNF) and intercostobrachial nerve (ICBN) were evaluated using the following scale:\[[@ref5]\]

2 Normal sensation

1 Hypoasthesia

0 No sensation felt

A score of 0 was taken as time of onset of sensory block for that nerve. Site of surgical incision and sparing of incision site were noted.

Motor block was assessed after 5, 10, 15, 20 and 30 minutes after injection of the drug as per Lavoie and colleagues.\[[@ref6]\]

0% - Flexion and extension in both the hand and arm against resistance

33% - Flexion and extension in both the hand and arm against gravity but not against resistance

66% - Flexion and extension movements in the hand but not in the arm

100% - No movement in the entire upper limb

Success rate was determined by Vester Anderson\'s criteria.\[[@ref7]\] i.e., complete when there is Sensory block in the entire distribution of arm except axillary nerve and incomplete when nil or incomplete sensory block in some of these nerves, or failed block when there is absence of sensory block in all major nerves or presence of sensory block in only one of the nerves.

The need for intra-operative supplementary systemic medication or general anaesthesia and adverse effects (defined as: vessel puncture, seizure, new observed cardiac dysrhythmias, transcutaneous oxygen saturation lower than 90%, Horners' syndrome, signs of local anaesthetic toxicity, unintentional paresthesias and pneumothorax) were recorded. During the surgical course, slight sedation (inj. midazolam 1-2 mg i.v) was administered if requested by the patient. In case of insufficient analgesia supplementation of block was done with inj. pentazocine (0.5 mg/kg) or inj. pentazocine (0.5 mg/kg) plus propofol infusion (50-75 mcg/kg/min). Failed blocks were converted to general anaesthesia. All patients were postoperatively monitored in the post anaesthesia care unit (PACU) for 1 h and thereafter discharged to their wards.

Post-operative pain at the incision site was assessed by visual analogue scale (VAS) and a score of more than 3 when recorded was taken as end point for duration of block and the patient was given supplementary analgesics i.e. Inj. Diclofenac Sodium 1-1.5 mg/kg intramuscular. The patients were followed up for development of pneumothorax or unintentional paresthesias.

Method of Statistical analysis {#sec2-1}
------------------------------

Sample size calculation was based on a projected difference of 20% in success rate among the two groups. Based on this, we calculated a sample size of minimum 30 patients per group, which would permit a type I error of alpha = 0.05 with a type II error of beta = 0.2 and a power of 0.8. The data was analyzed by using computer software Microsoft Excel and SPSS 12.0 for windows. Baseline comparability was ensured employing appropriate statistical tests. For statistical purposes the inter group comparison of sensory block was made after combining the patients who felt some sensation (sensory score 1 and 2) in one group and patients who felt no sensation (sensory score 0) in another group. Chi-square test was then employed to find the p-value at various time intervals. All analysis was two sided and a *P* -value of \<0.05 was considered to be statistically significant.

RESULTS {#sec1-3}
=======

There were no differences between the two groups with regard to height, weight, gender, age, duration of surgery or ASA grades. The average depth at which response was obtained was significantly greater in group I (3.87 cms) as compared to group A (2.58 cms) implying that the brachial plexus is superficial in axillary region than in infraclavicular region.

The mean duration of onset of sensory block was almost similar in both the approaches i.e. around 13.98±7.68 minutes in group I and 13.68±7.28 minutes in group A. No statistically significant difference was found on comparing the onset times of individual nerves in both the groups \[[Table 1](#T1){ref-type="table"}\].

###### 

Time of onset of sensory block of individual nerves in both groups

![](IJA-55-253-g001)

The musculocutaneous nerve (MCN) was blocked in 90% patients in the group I and in 97% of patients in group A at 30 minutes. Median and the medial cutaneous nerves of arm and forearm were blocked more in group A while the radial, ulnar, and intercostobrachial nerves were better blocked in group I. The differences between the two groups were however statistically insignificant except in case of ICBN, which was blocked significantly more in group I \[[Table 2](#T2){ref-type="table"}\]. On an average, more than 80% nerves were blocked in both the groups at 30 minutes.

###### 

Sensory blockade of intercostobrachial nerve at various time intervals

![](IJA-55-253-g002)

A 66-100% motor block was seen in 90% patients in infraclavicular group and 87% patients in axillary group at 30 mins. The difference was statistically insignificant \[[Table 3](#T3){ref-type="table"}\].

###### 

Evaluation of the degree of motor blockade at various time intervals in both groups

![](IJA-55-253-g003)

The mean duration of block in group I was 332±44 minutes and 338±43 minutes in group A. The difference was statistically insignificant. As per Vester Anderson\'s criteria , 90% patients in group I had a successful block which was higher than the 87% seen in group A but the difference was statistically insignificant. Also, the occurrence of failed block was more in group A (13%) compared to group I (10%). The difference again being statistically insignificant.

Accidental vascular puncture occurred in a significantly higher number of patients in group A (9 patients) as compared to group I (2 patients). No other complications or significant adverse effects appeared in both groups. A higher percentage of patients required supplementation in group A (23%) as compared to group I (20%). Also, 4 patients in group A required conversion to general anaesthesia compared to 3 in group I. But statistically these differences were insignificant.

DISCUSSION {#sec1-4}
==========

Brachial plexus block is close to the ideal anaesthetic technique for upper limb surgeries for the patients, anaesthesiologists and surgeons. The axillary approach to the brachial plexus block enjoys great popularity as it is easy to perform and relatively safe. It is however problematic in patients with limited arm mobility. Also, with the standard single injection axillary block, reliable musculocutaneous nerve and radial nerve anaesthesia is limited by anatomical conditions\[[@ref3]\] and success rates vary widely.

The vertical infraclavicular approach introduced by Kilka and colleagues\[[@ref4]\] is the most proximal infraclavicular approach to the brachial plexus. In this approach, the brachial plexus is blocked at the cord level, which is expected to result in a wider dermatomal distribution of anaesthesia than the axillary approach.

In this study, we compared the efficacy of axillary and vertical infraclavicular approaches to brachial plexus block using a peripheral nerve stimulator. In order to overcome the anatomical disability of axillary approach in being unreliable in blocking MCN, we used a double injection technique\[[@ref6]\] in which the MCN was selectively stimulated in addition to any of the remaining three major nerves. MCN blockade was comparable between both groups in our study. Contradictory results were obtained by Karpal and colleagues\[[@ref8]\] and Fleishmann and colleagues\[[@ref9]\] who in their respective studies described a higher MCN block in the infraclavicular approach compared to the axillary approach. The higher frequency of MCN blockade in the axillary approach in our study is due to selective stimulation of MCN. In the infraclavicular approach, the blockade ranges between 70-100%,\[[@ref9][@ref10]\] which is comparable with our study.

The radial nerve blockade seen with the axillary approach varies from 60-97% in the double injection techniques.\[[@ref11][@ref12]\] These results are similar to those found by us. Blockade of radial nerve achieved by us in the infraclavicular group is comparable to earlier studies.\[[@ref9][@ref10]\] Heid and colleagues\[[@ref10]\] described the blockade of radial nerve in infraclavicular approach (VIB) to be significantly more than that in the axillary approach. In our study too, the blockade of radial nerve was more in group I than in group A, but the difference was not significant. Median, ulnar, MCNA and MCNF nerves were comparably blocked by both the approaches in our study. Our results are in accordance with those of the earlier authors.\[[@ref2][@ref9]\] Though Fleishmann and colleagues\[[@ref9]\] documented a significantly higher block of MCNF by the VIB as compared to the axillary approach, but results similar to ours were found by Heid and colleagues.\[[@ref10]\]

None of the previous studies to the best of our knowledge have compared the extent of blockade in the distribution of ICBN while comparing the axillary and VIBes. Blockade of ICBN provides at least a theoretical advantage of better tourniquet tolerance. Authors differ in their views regarding the blockade of ICBN in the VIB. Some authors believe that the ICBN is blocked in the infraclavicular block\[[@ref13][@ref14]\] while others disagree.\[[@ref15]\] In our study, we found that the ICBN was blocked in 76.66% of patients at 30 minutes in group I, which was significantly higher to 10% success rate seen in group A \[[Table 2](#T2){ref-type="table"}\]. Bigeleisen and colleagues\[[@ref16]\] while comparing two techniques of infraclavicular block found that the ICBN is blocked in 77-87% of the patients. These findings are similar to those found by us.

The results of our study suggest that on an average, 85% of four major nerves (MCN, Median, Radial and Ulnar) are blocked completely in both the groups at 30 minutes. Results comparable to ours have been found by other authors.\[[@ref17][@ref18]\] Very few studies have analysed onset times of individual nerves while comparing the two approaches. In our study, we found that the differences in the onset time of sensory block of individual nerves were insignificant. Our finding is supported by the findings of the study done by Ertug and colleagues.\[[@ref2]\] However, the comparisons of onset time between various studies are limited by inconsistent definitions. The type of local anaesthetic, temperature of the drug and the anatomic site all influence the onset time.\[[@ref10]\]

Different methods of assessment of motor blockade have been used by various authors making inter-study comparisons difficult. However, technically similar grades of motor blockade were found in higher number of patients in some studies\[[@ref15][@ref19]\] while others had comparable outcomes.\[[@ref20][@ref21]\]

No statistically significant difference was found between the duration of sensory block in both the approaches. The duration of block by both approaches achieved by us is comparable with earlier studies.\[[@ref9][@ref22]\] Using VIB, longer block durations were documented by Kilka and colleagues\[[@ref4]\] (3--20 hours with an average of 8 hours) and Arcand and colleagues\[[@ref23]\] (434 ± 16 minutes).

Varying rates of block success have been documented by various authors. However, the definition of "success" appears inconsistent. Some have defined success as analgesia in the distribution of nerves innervating the surgical site only\[[@ref5]\] while others have defined it in terms of ability to perform surgery or operability.\[[@ref4][@ref24]\] This makes the inter-study comparison of success rates unreliable. Using Vester-Andersen\'s Criteria,\[[@ref7]\] we achieved a success rate of 90% using VIB. Though the criteria varied, our success rate is comparable to that achieved by other authors.\[[@ref6][@ref15]\] Higher success rates with ICB have been reported if selective stimulation of posterior cord is sought.\[[@ref25]\] Using multiple injection technique (3 or 4 injection techniques) can further increase the success rate with both the approaches,\[[@ref26]\] however concerns have been raised regarding patient comfort during performance of these techniques.\[[@ref27]\] No statistically significant difference was found between the success rates of infraclavicular and axillary approaches, which is in accordance with the results of other studies.\[[@ref1][@ref28]\] Results contradictory to ours were found by Heid and colleagues,\[[@ref10]\] who documented a better success with VIB than with the axillary approach.

Waiting longer than 30 min may improve analgesia,\[[@ref29]\] but is inconvenient in a busy operating theatre. Supplementation of patchy analgesia with drugs was preferred over the use of additional injections or waiting for longer periods. Both higher\[[@ref30]\] and lower\[[@ref4]\] requirement of supplementation as compared to our study have been described by previous authors using VIB or the axillary approach.\[[@ref12][@ref31]\] While comparing the infraclavicular and axillary approaches, Koscielniak-Nielsen and colleagues\[[@ref26]\] and Heid and colleagues\[[@ref10]\] found the differences in supplementation requirements to be statistically insignificant, thus supporting our findings.

In our study, no serious complications occurred. The most common complication was vascular puncture which was seen in significantly higher number of patients in group A. A higher rate of vessel puncture in axillary group as compared to the infraclavicular group was also found in their comparative study by Ertug and colleagues.\[[@ref2]\] No other complications were observed by us or brought to our attention. After vertical infraclavicular plexus block, pneumothorax is possible but only a few case reports have been published. Complications of VIB can be avoided by exact adherence to the anatomic landmarks and the use of short needles with a puncture depth not exceeding 4 cm.\[[@ref32]\]

Although the outcome assessment in our study was unblinded, the fact that no effort was made for selective nerve stimulation in either group and the endpoint that was accepted as indicating proper needle position was constant, provides objective evidence that there was no attempt, deliberate or otherwise, to influence the results of this study during the performance of the blocks. Blinded assessment too assures that there is not an opportunity to direct the study results. Also, the assessment of motor blockade was done using clearly defined objective criteria.

CONCLUSION {#sec1-5}
==========

We have demonstrated that both techniques provide adequate surgical anaesthesia for upper limb surgeries. Both the approaches are equally efficacious as far as the onset of sensory block, extent of motor blockade, success rate, duration of block (analgesia) and supplementation required are concerned. The VIB because of its easily identifiable landmarks, a comfortable patient position during the block procedure and ability to block a larger spectrum of nerves should be thus considered as an effective alternative to the axillary approach.
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